The recent development of various effective drugs, such as epoprostenol, sildenafil, and bosentan, has improved the prognosis for patients with idiopathic pulmonary arterial hypertension (IPAH). This study sought to determine survival rates and to identify predictive prognostic factors in patients with IPAH in the current era of combination therapy with new and more effective vasodilators.
ulmonary arterial hypertension (PAH) is a relatively rare condition, often accompanied by a poor outcome due to right heart failure resulting from progressive pulmonary hypertension. A 1991 report cited the median survival period of patients with idiopathic PAH (IPAH) as 2.8 years, with 1-year, 3-year, and 5-year survival rates of 68%, 48%, and 34%, respectively. 1 However, the recent development of various effective drugs, such as prostaglandins, endothelin receptor blockers, and phosphodiesterase inhibitors, has improved the prognosis of such patients. Notably, epoprostenol (prostaglandin) and bosentan (endothelin receptor antagonist) have markedly improved the survival rate among patients with IPAH. 2, 3 Furthermore, sildenafil (phosphodiesterase inhibitor) has improved the exercise capacity, functional class, and hemodynamics of patients with PAH. 4 Epoprostenol started to be used in Japan in 1999, bosentan in 2006, and sildenafil in 2002, on an off-label basis. Several recent studies have confirmed the improved survival of patients with PAH treated by such mod-ern medical management. [5] [6] [7] [8] [9] Predictive prognostic markers of IPAH warrant investigation because some reports have indicated that better treatment results can be achieved by starting affirmative therapies before the PAH begins to worsen. 10, 11 Thus, therapies should be discussed with prognostic factors taken into account. According to reports published during the 1990 s (the era of conventional treatment), the New York Heart Association functional class 12 and hemodynamic variables such as the mean pulmonary arterial pressure (mPA), cardiac output (CO), and the mean right atrial pressure (mRA) were correlated with the prognosis of IPAH patients, 1, 13 as well as heart rate, exercise tolerance measures including the 6-minute-walk distance (6MWD), and echocardiographic predictors such as pericardial effusion. [14] [15] [16] Furthermore, the levels of uric acid (UA), brain natriuretic peptide (BNP), and von Willebrand factor antigen were each correlated with the prognosis in IPAH patients, 17-19 implicating them as potential biomarkers. Most of these results were reported before the current Survival and a New Prognostic Factor in IPAH combined use of effective medical treatments, thus more relevant prognostic factors for PAH need to be evaluated.
This study therefore sought to: (1) estimate the current survival rate of patients with IPAH in the modern era of combination therapy using epoprostenol, bosentan, and sildenafil; and (2) reconsider novel favorable prognostic predictors, focusing on non-invasive and less-often evaluated prognostic variables.
Methods

Study Subjects
Sixty-five consecutive patients with IPAH who underwent an initial right cardiac catheterization to diagnose and assess its severity from July 2004 to December 2009 were enrolled in this study. Patients were diagnosed as having IPAH after ruling out connective tissue disease, congenital heart defect, portal hypertension, human immunodeficiency, pulmonary disease, pulmonary thromboembolism, left heart abnormality, and other systemic diseases. The ethics committee at the relevant institutions approved the study protocol. All the patients provided written informed consent before enrollment.
Evaluation of Prognosis
The survival period was calculated as the number of months from the first catheterization to December 2009 (the end of the follow up in this study) or to patient death if that occurred first. Survival period is usually calculated from the day of diagnosis; however, this date was close to that of the first catheterization, and the aim of this study was to select the most suitable prognostic variables. Consequently, the catheterization day was used as the start date for calculating the survival period in this study. Patient survival was evaluated using a Kaplan-Meier survival curve, as explained in the statistical analysis section below.
Prognostic Variables
Twenty-two variables were chosen to analyze prognosis in this study. The prognostic variables comprised 9 hemodynamic variables, 6 serological variables, and 3 blood gas variables along with the cardiothoracic ratio, heart rate, age, and 6MWD. Among the variables analyzed, mRA, mPA, CO, UA, BNP, heart rate, and 6MWD were included because they have been correlated with mortality among patients with PAH. 1,10,13,17, 18 The following parameters were measured when the patients underwent right heart catheterization for the first time: mRA, A wave level of the right atrial pressure, right ventricular end diastolic pressure, pulmonary arterial systolic pressure, pulmonary arterial diastolic pressure, mPA, and pulmonary capillary wedge pressure (PCWP). The CO was calculated using the Fick method, and pulmonary vascular resistance (PVR) was calculated by subtracting PCWP from mPA, and then dividing by the pulmonary blood flow. 'Wood unit' was adopted as the unit of PVR. Blood gas measurements were performed to obtain the partial pressure of arterial oxygen, the partial pressure of arterial carbon dioxide, and the venous oxygen saturation level during catheterization.
Blood sampling was also performed to obtain the hemoglobin, platelet, total bilirubin, UA, BNP, and ALP levels. These parameters were examined at the PAH outpatient clinic at the time of each patient's first visit.
Combination Therapy for IPAH
After the baseline examinations, the treatment most suitable for each patient was instituted based on the algorithm proposed at the world symposium in Venice, Italy, in 2003 and revised at Dana Point, USA, in 2008. 20, 21 The maximum dose of bosentan was 125 mg b.i.d., while that of sildenafil was 20 mg t.i.d., as long as all adverse effects were tolerable. If epoprostenol was added, the dosage was started at 1ng · min -1 · kg -1 and increased gradually to a dose of approximately 30ng · min -1 · kg -1 at 6 months and 50ng · min -1 · kg -1 at 1 year. When patients were non-responsive to 1 drug within 6 Table 2 . Survival and a New Prognostic Factor in IPAH months and/or their condition became aggravated, another drug regimen was added 1 at a time. Epoprostenol began to be used in 1999, sildenafil began to be used on an off-label basis in 2002, and bosentan began to be used in 2005 in Japan. Since this study was started in 2004, most of the patients had access to treatment with epoprostenol, bosentan, and sildenafil.
Statistical Analysis
Hemodynamic and serological parameters were compared for patients before and after combination therapy by using a Student's paired t-test. Kaplan-Meier survival curves were used to investigate the survival rate of all enrolled patients with IPAH in the present study. Variables and the periods of each drug administration were compared between the 2 groups using a Student's unpaired t-test. Twenty prognostic variables observed at the time of the first diagnosis were evaluated using the Cox proportional hazards test. The most significant variables correlating with mortality were chosen, and correlation coefficients between significant non-invasive prognostic variables and hemodynamic variables were calculated by linear regression analysis. The proportion of each drug administration, patient sex, and baseline New York Heart Association (NYHA) functional class were compared by using the chi-square test between the 2 groups. The patients were then divided into 2 groups according to the median value of certain significant prognostic variables, and Kaplan-Meier survival curves were applied to compare mortality rates in patients with higher and lower platelet numbers. All data are expressed as mean ± standard deviation. A value of P<0.05 was considered statistically significant. Table 1 details the distribution of each medication and pattern classification of the combination therapy. Epoprostenol was administrated in 37 cases, bosentan in 43 cases, and sildenafil in 47 cases, with administration periods of 54±29, 34±17, and 20±9.3 months, respectively. Each patient received 1.94±0.86 medications; 18 patients received 2 different drugs and 20 patients received 3 drugs. Table 2 lists the changes in hemodynamic and serological parameters following combination therapy using epoprostenol, bosentan, and sildenafil. The observation period was 37±17 months. Hemodynamic parameters such as mPA, PVR, and CO were significantly improved, and BNP was significantly decreased by the combination therapy.
Results
Changes in Hemodynamic and Serological Parameters Following Combination Therapy
Survival Analysis
Nine patients died during the observation period, because of right heart failure exacerbation. No patients died due to noncardiac events such as infection and cancer. Figure 1 shows the survival curves of all the enrolled patients with IPAH in the present study. The 1-year and 3-year survival rates were 98% and 86%, respectively.
Significant Prognostic Variables
We then analyzed the prognostic variables in patients with IPAH. Baseline mPA, mRA, and PVR values were 55±14 mmHg, 7.6±4.7 mmHg, and 15.0±7.5 Wood units, respectively ( Table 3) . The Cox proportional hazards test was used to determine whether each prognostic variable was correlated with the death of patients with IPAH. Platelet level was the only parameter correlated with death among the 22 prognostic variables examined ( Table 4 ). Correlation analysis of specific hemodynamic variables with platelet level revealed a significant inverse correlation with the mPA value only (Figure 2) . Additionally, there was no significant difference between the platelet levels of the patients who were treated with epoprostenol (n=37) and those of the patients who were not treated with epoprostenol (n=28) (20±7.9×10 4 /μl vs. 20±7.0×10 4 /μl).
Survival Analysis According to Platelet Level
We analyzed survival according to the platelet level among individual patients with IPAH, in whom the median platelet level was 20×10 4 /μl. There was no significant difference in observation periods between the high platelet group (platelets ≥20×10 4 /μl; 34±17 months) and the low platelet group (platelets <20×10 4 /μl; 39±16 months). The distribution of NYHA functional class, the number of epoprostenol administrations, the period of epoprostenol administration, and the maximum dose of epoprostenol were not significantly different between the groups (Tables 1,3) . As shown in Table 3 , a significant difference in the baseline mPA level obtained by right heart catheterization was observed between the groups, consistent with a significant correlation between the baseline platelet level and mPA (as shown in Figure 2 ). However, no significant differences in the baseline serological variables and other hemodynamic variables, such as mRA, PVR, and CO, were observed between the high and low platelet groups.
Kaplan-Meier survival curves drawn according to the median baseline platelet level demonstrated that IPAH patients with a low platelet level had a significantly higher mortality rate than those with a high platelet level (Figure 3) . Surprisingly, the 3-year survival rate of IPAH patients in the low platelet group was 78%, while it increased to 95% in the high platelet group. One patient in the high platelet group died during the observation period compared to 8 patients in the low platelet group. Therefore, the sensitivity of the platelet level for death was 89% and the specificity was 55%, with the cut-off level at 20×10 4 /μl.
Discussion
Therapeutic Efficacy and Survival in Patients With IPAH Treated With Combination Therapy
In the present study, hemodynamic parameters such as mPA, PVR, and CO were significantly improved, and BNP was significantly decreased by combination therapy using epoprostenol, bosentan, and sildenafil, suggesting the clinical therapeutic efficacy of such a therapeutic regimen. Epoprostenol, bosentan, and sildenafil were recently developed as new vasodilators for the treatment of IPAH, resulting in improved health and prognosis in some cases, 2-4 which is consistent with our results. Together, these findings suggest that the appropriate introduction of new vasodilators in the era of combination therapy could improve the hemodynamics of patient with IPAH more than that with the older conventional therapies. In this study, the 1-year and 3-year survival rates of the IPAH patients were 98% and 86%, respectively. According to a previous report that demonstrated the natural history of IPAH patients enrolled from 1981 to 1985 before the advent of these new therapies, the 1-year, 3-year, and 5-year survival rates reported for IPAH patients were 68%, 48%, and 34%, respectively. 1 A report published in 1999 also cited a median survival period for Japanese patients with IPAH of 3.6 years, with 1-year, 3-year, and 5-year survival rates of 77%, 44%, and 23%, respectively. 22 The survival of PAH patients has clearly been improved since the establishment of epoprostenol therapy. Two studies in 2002 reported 1-year, 3-year, and 5-year survival rates in IPAH patients treated with epoprostenol of 88%, 63%, and 47%, respectively, and 85%, 63%, and 55%, respectively, 5,7 while a 2005 report cited 1-year and 3-year survival rates of 87% and 75%, respectively. 23 Our results thus confirmed a marked improvement in survival rates for IPAH patients compared to those treated in the past, and demonstrated that the combination therapy using epoprostenol, bosentan, and sildenafil directly contributed to a better prognosis in these patients. Recently, several studies have discussed the survival of patients with PAH treated in the modern management era. 5-8 In 2010, Humbert et al 6 reported 1-year and 3-year survival rates of 83% and 58%, respectively, and a baseline NYHA functional class IV rate of 14%; in our study, this value was 0%. This difference in baseline NYHA functional classes might explain why the survival in our study was relatively better than that in other recent studies.
Platelet Levels and Mortality
Hemodynamic variables, such as mPA, CO, mRA, and the cardiac index, have been reported to be some of the most powerful prognostic variables among patients with PAH. 1,13, 24 Interestingly, these variables did not correlate with patient survival in the present study. Our results identified only a low platelet level at baseline as a significant factor indicating a poor prognosis in patients with IPAH. Furthermore, there was a significant correlation between the baseline platelet level and the mPA, and those patients who had a platelet level lower than 20×10 4 /μl at baseline had significantly lower survival rates. We did not recognize a statistically significant difference in the NYHA functional severity, the distribution of patients administered epoprostenol the period of epoprostenol administration, and the maximum dose of epoprostenol between the patients with baseline low platelet levels and those with higher levels. Therefore, these findings suggest that platelet levels are correlated with pressure levels of PAH separately from functional severity regardless of whether epoprostenol is used, and that epoprostenol did not influence the improved survival rate in patients with baseline high platelet levels. In contrast, previous reports have associated hemodynamics and epoprostenol with thrombocytopenia in PAH, and epoprostenol is known to reduce platelet counts and suppress platelet aggregation. 25, 26 In the present study, there was no significant difference between the platelet levels of the patients who were treated with epoprostenol and those not receiving epoprostenol. These results suggested that the platelet level is an independent prognostic factor in patients with IPAH, which is independent of epoprostenol treatment.
Generally, the mechanisms of thrombocytopenia include: (1) a reduction in platelet production caused mainly by megakaryocyte hypoplasia or ineffective thrombopoiesis; 27,28 (2) an increase in platelet destruction as a result of immunological processes, thrombotic microangiopathies, or abnormal vascular surfaces; 27-29 and (3) an abnormal platelet distribution or pool-ing arising from disorders of the spleen or hypothermia. 27, 28, 30 In the present study, there were no significant differences in mRA, BNP, or bilirubin levels, which indicate right heart failure and congestive liver, between the patients with low and high platelet levels. Thus, this study provided no evidence that the thrombocytopenia was due to liver or spleen congestion caused by right heart failure. Further studies are needed to investigate the mechanism of association between thrombocytopenia and the prognosis of IPAH.
Clinical Implications
Platelet levels can be simply, routinely, and non-invasively measured through venipuncture and blood collection. Platelet levels might thus provide a promising new marker for estimating the prognosis of patients with IPAH in the era of combination therapy. Such measurements will likely contribute to the staging of IPAH patients and might improve treatment further.
Study Limitations
In this study, the average observation period was 37±17 months, which is somewhat short. However, this period was sufficient to evaluate the 3-year outcome. A longer observation period would be needed to determine the 5-year and 10year survival outcomes. The number of patients in the present study was only 65, but this number was also thought to be sufficient because a Cox proportional hazards test was able to select statistically significant prognostic factors among 22 variables. The number of patients should also be increased to evaluate long-term survival. Thus, a study with a longer observation period and a larger number of patients is needed to confirm our results on an expanded basis. Furthermore, this study is a retrospective study, and the observation period and the treatment regimen of the enrolled patients were individually different. If the platelet level is validated as a prognostic factor of IPAH, the prospective study is desired and the optimum cut-off platelet level should be analyzed.
Conclusions
The survival rate of patients with IPAH in the current era of combination therapy has improved markedly, and platelet level could provide a useful means of prognostic stratification in this modern context.
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